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1 Introduction 
Printers are an indispensable piece of equipment 
in modern offices, however they have recently 
been found to emit a large number of particles 
into the air during operation. A number of 
studies have been conducted to better 
understand the characteristics and formation 
mechanisms of these printer generated particles, 
but little attention has been paid to improving 
particle removal efficiency via the optimal 
location of printers within office environments. 
To address this gap in knowledge, this work 
aimed to consider particle removal efficiency, as 
well as particle number concentration at the 
breathing zone of each occupant, in order to 
develop a decision-making framework for 
determining the best combination of office type, 
printer location, ventilation strategy and 
occupant distribution, to minimize the influence 
of emitted particles on indoor occupants.   
 
2 Methods 
Three types of offices with different ventilation 
systems were investigated, including small, 
medium and large sized offices. The horizontal 
plan of each office was divided into multiple 
zones using 1 m x 1 m squares, representing the 
possible location of the printer. The printer was 
set at 3 different heights on the vertical plane in 
each zone, respectively: H=0.5m, H=1m and 
H=1.5m (for the zones occupied by the desk, 
only H=1 m and H=1.5 m were included). 
Overall, hundreds of printer locations were 
considered for the three types of offices.  
 
A commercial CFD program, Fluent, was used 
as a numerical solver. The standard k-ε model 
was selected as the turbulence model. The 
SIMPLE algorithm was applied as the pressure-
velocity coupling algorithm and the 
discretization scheme was selected as the first 
order upwind difference scheme for the 
convection-diffusion treatment in the CFD 
solver. The airflow and particle number 
concentrations were calculated using the 
Eulerian transport equations as steady-state 
boundary conditions.  
 
Hexahedral mesh was used in this study, such 
that the domain close to the surfaces was 
meshed into fine unstructured grids, while the 
outer domain was meshed with coarse grids. 
Generally, the maximum size of mesh was 0.5 m 
x 0.5 m x 0.5 m, and the maximum size ratio 
was 2. The mesh near wall and objects, such as 
printers, computers, desks and so on, were 
refined with an element height of 0.1 m, while 
the inlet and outlet airflow areas were meshed 
into a finer spacing, to obtain a better resolution 
of the flow. They were refined to 0. 05 m in 
height near the printer emission source, the air 
inlet and the outlet. The air inlets and the outlet 
had edges meshed to 0.05 m x 0.05 m spacing. 
CFD grid sensitivity analysis was conducted for 
the three offices, respectively. 
 
The printer emitted particles belonged to finite 
sources that could be turned on or off, which 
could be modelled as steady three-dimensional 
volume sources assuming a particle emission 
rate of 92.8 x 109 particle/min (He et al. 2007). 
Since the definition of the particle source in 
Fluent was several orders of magnitude smaller 
than other parameters, in order to obtain 
accurate modelling results of particles, the 
parameterization method was applied to define 
the particle emission source. Therefore, the 
normalized emission source in Fluent was 
defined as “1” for all modelling cases. Given 
that this study focused on the relationship 
between the airflow, as well as office pattern 
and particle transport, however particle 
transformation processes were not considered. 
In addition, since deposition velocity was two 
orders of magnitude lower than the air exchange 
rate for the offices, particle deposition was not 
considered in this study either (Lai 2002; Lai 
and Nazaroff 2005). Occupant breathing was 
also not considered in this study. 
 
Since no recirculation air was used in the offices, 
the air supplied into the three offices could be 
treated as non-contaminated, that is, the air inlet 
was free of particles. The pressure outlet 
boundary condition was imposed at the air outlet. 
All the walls were set as insulated material, and 
no penetration and non-slip conditions were 
imposed at all wall boundaries. 
 
The particle number concentration at the 
breathing zone of each occupant was compared. 
A new term, “particle retention rate”, was 
proposed to analyze the modelling results and 
evaluate the particle removal efficiency of 
different combinations of ventilation and printer 
location, associated with single or multiple 
occupants. This rate equals to the summation of 
particle number concentration at the breathing 
zone of each occupant over the particle number 
concentration at the air outlet in the office. A 
decision-making procedure, based on lower 
particle number concentration at the breathing 
zone and a smaller particle retention rate, was 
achieved via conducting the hundreds of 
modelling cases.  
 
3 Results 
Considering the space limitations, the findings 
from the modelling can be summarised as 
follows: 
 
a) Regarding the small sized office, when the 
printer was set out of the direct flow of inlet-
outlet, changing the location on the horizontal 
plane only had a small effect on reducing 
particle number. This was due to the fact that 
once the particles were emitted, they were 
transported throughout the whole office before 
being removed by the air flow. These findings 
also implied that the closer the printer to the air 
outlet in the horizontal plane, the more efficient 
the removal of the particles became. However, if 
the distance between the inlet-outlet was short, it 
was not always good to locate the printer near 
the outlet, since the particle removal efficiency 
would also be affected by the airflow in this 
micro-area. In addition, the printer should be 
located in an open space without barriers.  
 
b) For the medium and large sized offices, 
locating the printer out of the direct flow of the 
inlet-outlet showed that the further the distance 
to the inlet, the lower the particle number 
concentration at the breathing zone, and the 
smaller the particle detention rate. This was in 
contrast to the findings for small sized office, 
which did not show a significant difference 
when the printer was located in areas out of the 
direct flow of inlet-outlet. For the medium and 
large sized offices it was also found that, even in 
the direct flow of the inlet-outlet, the printer 
could not be located very close to the inlet, 
especially if an occupant was in the vicinity of 
the air inlet. Besides, the closer the distance to 
the outlet, the lower the particle number 
concentration at the breathing zone of each 
occupant and the lower the particle detention 
rate. 
 
4 Conclusions 
In small sized offices, the importance of printer 
height was shown to be more crucial in areas 
with better airflow efficiency, that is, the 
influence of the height of printer location was 
only significant when the printer was very close 
to the outlet. On the contrary, printer location in 
medium and large sized offices was very 
important throughout the whole space, such that 
the higher the printer was located, the lower 
particle number concentration at the breathing 
zone of each occupant. 
 
In summary, CFD modelling added important 
information for determining printer location in 
small sized offices where the distance between 
the inlet-outlet was small, since the airflow 
pattern was not able to be determined. In 
medium and large sized offices, the optimal 
location could be deduced from a general 
understanding of airflow patterns.   
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